precipitated material is removed from the red cells in the spleen, a mechanism which may contribute to the h8molytic element, which is found in ,B-thaJasseemia. Thus in this disorder there are a series of secondary abnormalities of the cytoplasmic control of hmmoglobin production, based on a primary defect in globin chain synthesis.
Summary
Much is now known about the structure and genetic control of human heemoglobin. This gystem is controlled at both genic and cytoplasmic levels. As yet, there is no good evidence for genic control of human haemoglobin production although such mechanisms must exist. There is increasing evidence that cytoplasmic control mechanisms are involved in the assembly of the globin chains and their release from the ribosomes. There is no definite evidence yet for control at the level of the association of the various hCmoglobin subunits although again such a mechanism seems likely. The findings in certain disease states such as -thalasso mia can be explained in terms of abnormal cytoplasmic control mechanismt, many secondary events resulting from a primary defect in globin chain production. The Control of DNA Synthesis and its relation to Erythropoiesis DNA synthesis and cell division in mammalian erythropoietic tissues has to be considered in relation to the processes of cell differentiation that lead to the formation of the anucleate erythrocyte (Cronkite 1964). It is convenient to divide the cells of the erythropoietic series into three groups:
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(1) stem cells, (2) the identifiable dividing cells (pronormoblasts, basophilic normoblasts and early polychromatic normoblasts) and (3) the non-dividing cells (late polychromatic normoblasts and reticulocytes). The cells in the second group will be considered as they constitute the group of cells that can be investigated directly by cytochemical and cytokinetic techniques. There are several kinetic and cytochemical indications that it is reasonable to divide these cells into two functional groups, the basophilic cells usually capable of more than one division) and the polychromatic cells (usually in their final division cycle). The mean cell cycle time and the duration of the S phase (period of DNA replication) have been determined in several species, including man. This information has been derived mainly from the study of the percentage of mitotic figures that are labelled with 3H-thymidine (3H-TdR) at different times following a single flash label. In man the cycle is about twenty-four hours and S is twelve to fourteen hours (Strychmans et al. 1966 ); in dogs, Bond et al. (1962) reported the cycle to be nine to ten hours and the S period six to seven hours, though Alpen etal. (1962) from 59Fe studies suggested that the intermitotic time was fifteen hours. In the young rat (100 g) basophilic cells cycle every nine hours, the S period is four-and-a half hours, polychromatic cycle ten hours, and S period five hours (Roylance 1967) .
In all these studies there was not a great deal of variation in the duration of the S period within a given species. In contrast to this uniformity of the average duration of S there is a considerable variation in the grain counts over the individual cells in a population following flash labelling with 3H-TdR. Hale etal. (1965) investigated therelation between the DNA content and the grain count in various cell types after a short period of labelling. It was hoped that this might give information about the changes in the rate of DNA synthesis as a cell proceeds through the S period. However, in many tissues it was observed that no consistent pattern for grain counts/DNA content could be resolved. There appeared to be a wide scatter of grain counts at all DNA values from the beginning of replication (2c) to the termination (4c). This work has later been confirmed in cells labelled in vivo and Alpen & Johnston (personal communication 1967) have observed this phenomenon in the basophilic normoblasts of the dog following their flash labelling in vivo. There is a paradox in these studies on 3H-TdR incorporation into the DNA of individual cells and the relative constancy of the S period in a population of cells. It seems likely that the grain count following a flash labelling will depend on several factors. The pool size of DNA precursor, the thymidylate kinase activity and efficiency of the autoradiograph all will influence the grain count. Observations on the sequence of chromosome replication indicate that different parts of the genome will be replicated at different times during the S period and there is no clear cut evidence that the amount of DNA replicating is constant throughout the S period. Though this line of research failed to provide definite information about rates of DNA synthesis it led to the development of a technique whereby cells can be identified in terms of classical morphology and their position in interphase (G1, S, G2) can be determined (Balfour et al. 1965 ).
This approach is now being used in association with Dr Wickramasinghe and Dr Chalmers to study DNA synthesis in human bone marrow in relation to cell differentiation and progress through interphase in various types of anemia. The results of this work are at a preliminary stage but certain facts are emerging. In normal bone marrows the percentage ofcells synthesizing DNA was higher in the polychromatic cells (82 %) than in the basophilic cells (60%), though this may have been due to selection of a particular population of polychromatic cells (see Wickramasinghe et al. 1967 for detailed discussion). In the normoblastic hyperplastic anemias there is a tendency towards an increase in the percentage of cells in S in the basophilic series and an increase in the duration of G2 in the polychromatic cells. In the megaloblastic and sideroblastic anemias a most profound deviation from normal has been detected. In these a.nmmias the major abnormality in the cell kinetics occurs in the polychromatic cells. An accumulation of cells in G2 occurs probably as a consequence of the failure of the cell to enter prophase. There is a variable percentage of the cells with DNA contents between the 2c and 4c modes that do not appear to be synthesizing DNA; arrest of the cell during DNA synthesis may be the explanation of this finding.
So far, this research has focused our attention on the early polychromatic normoblast or megaloblast as the stage in differentiation in which defects in DNA synthesis become most prevalent in certain types of disease. Ineffective erythropoiesis is a well recognized feature of megaloblastic anmmias and sideroblastic anaemias. It seems that this defect occurs at the time of transition to the polychromatic phase of differentiation. The polychromatic cell differs from the basophilic cells in its relatively lower RNA and higher hemoglobin concentration and is also the cell in which the depression of the genes for cyclic division will occur. Progress is being made in the understanding of the inter-relations of RNA and haemoglobin synthesis (Grasso et al. 1963 , Grasso & Woodard 1966 . The next phase may be the elucidation of how hemoglobin and RNA synthesis could influence DNA synthesis and cell division in normal and abnormal erythropoiesis.
If the himoglobin content or concentration in a cell acts as a feed-back control to limit cell division in the polychromatic cells, is the sensitivity to this stimulus set at a new level in those anemias in which cells with low hemoglobin contents are produced? It seems possible with application of new refinements of technique that questions of this type may be answered.
